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(57)Abstract: 

PURPOSE: To provide the novel EL element showing red 
emission without using a filter. 

CONSTITUTION: A matrix material in which the bond 
distance of X-S where the four S (sulfur) atoms are 
coordinated around the element X having a valency of +2 
is shorter than the bond distance 2.34&angst; of Zn-S is 
used in an emission layer 14 comprising Mn-added 
Mgln234 (indium manganese sulfide) as an emission 
center. Since the Mn having a valency of +2 is 
substituted with the element X, the bond distance of the 
Mn-S becomes shorter than the bond distance of Mn-S 
in the ZnS:Mn emission layer. Thus, the mutual 
interaction of a crystal field produced from the S with 
the Mn having a valency of +2 is strengthened to lower 
an emission level energy, and the peak wavelength of the 
emission spectrum is shifted to the side of a longer 
wavelength than the emission peak wavelength 590nm of 
a CaS:Mn emission layer and a ZnS:Mn emission layer. 
The emission layer shows a red color whose emission 

center is the Mn, and can give higher emission brightness than those of Sm, etc. Thereby, red 
color emission light can be obtained without passing through a filter. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the electroluminescent element which carried out the laminating of the ingredient by the side of optical 
ejection for the first electrode, the first insulating layer, a luminous layer, the second insulating layer, and the second 
electrode one by one in the transparent thing optically at least It is the sulfur compound with which said luminous layer 
added Mn (manganese) as activation matter. The crystal system of this sulfur compound belongs to any of orthorhombic 
system or cubic system, or one. The electroluminescent element to which six S (sulfur) configurates around the element 
X which has a + divalent valence among the configuration elements of this sulfur compound, and the bond distance of 
X-S is characterized by 2.56A or more being 2.75A or less. 

[Claim 2] In the electroluminescent element which carried out the laminating of the ingredient by the side of optical 
ejection for the first electrode, the first insulating layer, a luminous layer, the second insulating layer, and the second 
electrode one by one in the transparent thing optically at least It is the sulfur compound with which said luminous layer 
added Mn (manganese) as activation matter. The crystal system of this sulfur compound belongs to any of orthorhombic 
system or cubic system, or one. The electroluminescent element to which four S (sulfur) configurates around the 
element X which has a + divalent valence among the configuration elements of this sulfur compound, and the bond 
distance of X-S is characterized by 2.15A or more being 2.27 A or less. 

[Claim 3] said sulfur compound - Mgln2 S4 (sulfuration indium magnesium) it is — electroluminescent element 
according to claim 1 characterized by things. 

[Claim 4] said sulfur compound ~ MgY2 S4 (sulfur yttrium magnesium) Or TiZr2 S4 (sulfuration zirconium titanium) it 
is — electroluminescent element according to claim 2 characterized by things. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is electroluminescence (Electroluminescense) used for spontaneous light type a 
segment display and matrix display of instruments, or the display of various information end instruments. Component 
(an EL element is called below) It is related. 
[0002] 

[Description of the Prior Art] An EL element is a thing using the phenomenon which emits light when electric field are 
impressed to fluorescent substances, such as ZnS (zinc sulfide), and attracts attention conventionally as what constitutes 
a spontaneous light type display. Drawin g 7 is the mimetic diagram having shown the typical conventional cross-section 
structure of an EL element. EL element 10 is transparent ITO optically on the glass substrate 1 which is an insulating 
substrate. The first insulating layer 3 which consists of the first electrode 2 which consists of the film, Ta 205 (tantalum 
pentoxide), etc., a luminous layer 4, the second insulating layer 5, and ITO The laminating of the second electrode 6 
which consists of the film is carried out one by one, and it is formed. ITO (Indium Tin Oxide) The film is In 203 
(indium oxide). It is the electric conduction film of the transparence which added Sn (tin), and since it is low resistivity, 
it is widely used as an object for transparent electrodes from before. As a luminous layer 4, it is ZnS, for example. It 
considers as a parent ingredient and what added Mn (manganese), Sm (samarium), and Tb (terbium) as an emission 
center, and the thing which used SrS (strontium sulfide) as the parent ingredient, and added Ce (cerium) as an emission 
center are used. The luminescent color of an EL element is ZnS. Green luminescence is obtained, when it is decided by 
the class of inner additive, for example, Mn is added as an emission center, yellow orange and Sm are added and red and 
Tb are added. Moreover, SrS When Ce is added as an emission center, the luminescent color of a bluish green color is 
obtained. 
[0003] 

[Problem(s) to be Solved by the Invention] Sufficient brightness has come [ as an EL luminous layer which presents red 
luminescence ] to be obtained although the ZnS:Sm luminous layer is developed. On the other hand, since a parent 
ingredient is not necessarily a semi-conductor, even if it uses for EL luminous layer, fluorescent substances, such as 
Y203:Eu (europium activation yttrium oxide) conventionally used as a red fluorescent substance of the Braun tube of 
color television, do not restrict emitting light efficiently, and have not resulted in utilization. Red luminescence is 
presented, as a fluorescent substance whose parent ingredient is a semi-conductor, ZnGa2 S4:Mn (manganese activation 
sulfuration gallium) is indicated in JP,55-147584,A, and CdGa2 S4:Mn (manganese activation sulfuration gallium 
cadmium) is indicated in JP,61-4433,B. The crystal system of these parent ingredients is tetragonal system. However, 
red luminescence was not able to be accepted when the ZnGa2 S4:Mn fluorescent substance was created as an EL 
luminous layer. Moreover, since Cd is contained in the CdGa2 S4:Mn fluorescent substance, from an environmental 
standpoint, they are not industrial and a not much desirable ingredient. 

[0004] Therefore, after all, although it is yellow orange luminescence, the method of obtaining red EL luminescence 
using the filter which penetrates only a red component is widely used for the ZnS:Mn luminous layer from which large 
brightness is obtained now. However, when a filter is needed, fault, like the configuration of EL drop with which cost 
increases and with which an angle of visibility decreases becomes complicated arises. 

[0005] The place which accomplishes this invention in order to solve the above-mentioned technical problem, and is 
made into the purpose is offering the new EL element which presents red luminescence through a filter by choosing the 
matter suitable as a parent ingredient of a luminous layer, using Mn as an emission center. 
[0006] 

[Means for Solving the Problem] The EL element by this invention accomplished in order to solve the above-mentioned 
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technical problem The luminous layer is the sulfur compound which added Mn as activation matter, and the crystal 
system of this sulfur compound belongs to any one of orthorhombic system or the cubic system. Six S (sulfur) 
configurates around the element X which has a + divalent valence among the configuration elements of this sulfur 
compound, and it is X-S. The bond distance is 2.56A or more 2.75A or less, Or the luminous layer uses Mn as the 
activation matter, and are a sulfur compound and the crystal system of this sulfur compound belongs to any one of 
orthorhombic system or the cubic system. Four S (sulfur) configurates around the element X which has a + divalent 
valence among the configuration elements of this sulfur compound, and it is X-S. The bond distance is characterized by 
2. 1 5A or more being 2.27A or less. 
[0007] 

[Function and Effect(s) of the Invention] X-S in case six S (sulfur) configurates in the luminous layer of the EL element 
by this invention around the element X which has a + divalent valence The parent ingredient with the bond distance 
shorter similarly than 2.84A of bond distances of calcium-S which six S (sulfur) configurates around is used. Moreover, 
the parent ingredient with the bond distance of X-S in case four S (sulfur) configurates around the element X which has 
a + divalent valence shorter similarly than 2.34A of bond distances of Zn-S which four S (sulfur) configurates around is 
used. + Since Mn which has a divalent valence permutes Element X, the bond distance of Mn-S in the luminous layer of 
the EL element by this invention becomes shorter than the Mn-S bond distance in a CaS:Mn luminous layer, or the Mn- 
S bond distance in a ZnS:Mn luminous layer, then, the interaction of the crystal field which S (sulfur) builds, and + 
divalent Mn — strong - becoming ~ it — following — luminescence level energy - falling - the peak wavelength of an 
emission spectrum - 590nm of emission peak wavelengths of a CaS:Mn luminous layer or a ZnS:Mn luminous layer a 
long wave — it shifts to a merit side. Responding [ therefore ] to the luminescent color shifting this from yellow orange 
to red, the luminous layer of the EL element by this invention will present the red which makes Mn an emission center. 
Since this luminous layer uses Mn as an emission center, it can obtain high luminescence brightness as compared with 
Sm etc. Since a sulfur compound is a semi-conductor with a large band gap, it is further usually suitable as a parent 
ingredient of EL luminous layer. According to the EL element of this invention, like the above, red luminescence can be 
obtained through a filter. 
[0008] 
[Example] 

(The first example) This invention is hereafter explained based on a concrete example. Drawing 1 is the type section 
Fig. having shown the cross section of thin film EL element 100 concerning this invention. As appearance structure, it is 
as unchanging as the thing of the structure of conventional drawing 7 . In addition, also in EL element 100 of drawin g 
1 , light is taken out in the direction of an arrow head. 

[0009] On the glass substrate 1 1 which is an insulating substrate, one by one, laminating formation of the following thin 
films is carried out, and thin film EL element 100 is constituted. Namely, on a glass substrate 1 1 As the first transparent 
electrode (the first electrode) 12 which consists of transparent ZnO (zinc oxide) optically, the first insulating layer 13 
which consists of transparent Ta 205 (tantalum pentoxide) optically, and an emission center the luminous layer 14 
which consists of Mgln2 S4 (sulfuration indium magnesium) which added Mn — optical transparent Ta 205 from - 
the second insulating layer 1 5 which changes - optical - transparent ZnO from - the second transparent electrode (the 
second electrode) 16 which changes is formed. 

[0010] The manufacture approach of this thin film EL element 100 is described below. 

(1) The first transparent electrode 12 was first formed on the glass substrate 1 1. As a vacuum evaporationo ingredient, it 
is ZnO. Ga 203 (oxidation gallium) was added to powder, it mixed, and the ion plating system was used as membrane 
formation equipment using what was fabricated to the pellet type. Specifically, the inside of an ion plating system was 
exhausted to the vacuum, holding the temperature of the above-mentioned glass substrate 1 1 uniformly. Ar (argon) gas 
is introduced after that, a pressure is kept constant, and a membrane formation rate Beam power and high-frequency 
power were adjusted so that it might become the range of 6 - 18 nm/min. 

(2) next, the first transparent electrode 12 top of the above ~ Ta 205 from — the first insulating layer 13 which changes 
was formed by the spatter. Specifically the temperature of the above-mentioned glass substrate 1 1 was held uniformly, 
the mixed gas of Ar and 02 (oxygen) was introduced in the sputtering system, and membranes were formed with lkW 
high-frequency power. 

(3) Next, on the first insulating layer 13 of the above, Mgln2 S4 (sulfuration indium magnesium) was used as the parent 
ingredient, and the Mgln2 S4:Mn luminous layer 14 which added Mn as an emission center was formed by the spatter. 
Specifically the temperature of the above-mentioned glass substrate 1 1 was uniformly held by 50 - 300 **, Ar gas was 
introduced in the sputtering system, and membranes were formed with the high-frequency power of 200W, using a 
Mgln2 S4:Mn powder target or a sintering target as a spatter target. Mn charge of a spatter target was adjusted so that 
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Mn concentration in a Mgln2 S4:Mn luminous layer might serve as range which is 0.1 - 1.0 at% here. After that In an 
elevated- temperature ambient atmosphere 550 degrees C or more Heat treatment of 4 - 40 hours was performed. 
(4) next, the above-mentioned luminous layer 14 top — Ta 205 from — the second insulating layer 15 which changes 
was formed by the same approach as the first above-mentioned insulating layer 13. and - The second transparent 
electrode 16 which consists of the ZnO film was formed on the second insulating layer 15 by the same approach as the 
first above-mentioned transparent electrode 12. 

[001 1] the thickness of each class - the first transparent electrode 12 and the second transparent electrode 16 - 300nm, 
the first insulating layer 13, and the second insulating layer 15 - 400nm and a luminous layer 14 - 600nm it is . In 
addition, the thickness of this each class is described on the basis of the part of that center. 

[0012] From X diffraction data, parent ingredient Mgln2 S4 (sulfuration indium magnesium) of the luminous layer 14 
formed by the above-mentioned membrane formation approach belongs to cubic system, and has inverse spinel 
structure, and it was confirmed that a lattice constant is 10. 7 A. moreover, although the element which has a + divalent 
valence in this parent ingredient is Mg, six S (sulfur) has configurated around it and the bond distance of Mg-S is - 
2.68A - EXAFS (Extended X-ray Absorption Fine Structure) ~ it was confirmed by law. Drawing 2 shows signs that 
six S (sulfur) has configurated around Mg (Element X shows). This bond distance is short compared with 2.84A of 
calcium-S bond distances of a CaS:Mn luminous layer which six S (sulfur) has configurated similarly, therefore, the 
interaction of the crystal field which S (sulfur) builds, and + divalent Mn — strong — becoming — the peak wavelength 
of an emission spectrum - 590nm a long wave - a merit side - shifting -650nm Red EL luminescence with a peak is 
obtained. The emission spectrum of this EL element is shown in drawing 3 . Moreover, Mgln2 S4 Although the value 
with an exact band gap is not known, it is 3 - 4 eV and the value is suitable as a parent ingredient of EL luminous layer. 
[0013] Mgln2 S4 (sulfuration indium magnesium) of this first example ~ the parent ingredient has another secondary 
advantage. Matter called Mnln2 S4 (sulfuration indium manganese) exists, this belongs to cubic system, it has inverse 
spinel structure, and it is based on the lattice constant being 10.715**8**. Namely, Mgln2 </SUB> S4 Mnln2 S4 Since 
it has the same crystal structure and the lattice constant is a very near value, it is Mgln2 S4. Even if it adds Mn to inside, 
a grid can hardly be distorted, but the crystallinity of a parent ingredient can manufacture a very good fluorescent 
substance. Then, for EL luminescence, the concentration based on [ harmful ] non-radiative recombinations decreases 
remarkably. Moreover, dispersion of the carrier which runs a luminous layer also decreases and it also becomes easy to 
accelerate a carrier to high energy. Therefore, ZnS To inside, big EL luminescence brightness can be obtained compared 
with the case where Zn and Sm from which it becomes and an ionic radius differs are added. 
[0014] moreover, the time of forming the Mgln2 S4:Mn luminous layer 14 — organic metal vapor growth 
(MOCVD:Metal Organic Chemical Vapor Deposition) - law can also be used, concrete ~ the above-mentioned glass 
substrate 1 1 Ar carrier gas after holding in constant temperature of 500 degrees C and making the membrane formation 
interior of a room into the bottom of a reduced pressure ambient atmosphere — using — Mg (CI lH20O2)2 (dipivaloyl 
methane-ized magnesium) — the same - Ar carrier gas - using - In (C2H5)3 (triethylindium) — moreover, H2S 
(hydrogen sulfide) diluted with Ar gas are introduced into a membrane formation room. Furthermore, in order to add an 
emission center element, Mn(C5H5)2(CO) 3 (tricarbonyl cyclopentadienyl manganese) is evaporated in Ar carrier gas, 
and this is supplied to a membrane formation room. And the Mgln2 S4:Mn luminous layer 14 which added Mn for these 
material gas as an emission center a reaction and by carrying out a pyrolysis is formed. 

[0015] (The second example) the first transparent electrode (the first electrode) 12 and Ta 205 which consist of ZnO 
(zinc oxide) one by one on the glass substrate 11 of EL element 100 of drawin g 1 in the second example of this 
invention from - after forming the first insulating layer 13 which changes, the luminous layer 14 which consists of 
MgY2 S4 (sulfuration yttrium magnesium) which added Mn as an emission center is formed. It is the same as that of the 
first example to form the second insulating layer 15 and the second transparent electrode 16 after that. 
[0016] The above-mentioned luminous layer 14 holds the temperature of the above-mentioned glass substrate 1 1 
uniformly by 50 - 300 **, introduces Ar gas in a sputtering system, and is MgY2 S4:Mn. It formed using the powder 
target or the sintering target by carrying out spatter membrane formation with the high-frequency power of 200W. Mn 
charge of a spatter target was adjusted so that Mn concentration in a MgY2 S4 luminous layer might serve as range 
which is 0.1 - 1.0 at% here. It is in the elevated-temperature ambient atmosphere more than 550 ** after that. Heat 
treatment of 4 - 40 hours was performed. 

[0017] Parent MgY2 S4 of the luminous layer 14 formed by the above-mentioned membrane formation approach 
belonged to orthorhombic system from X diffraction data, and it was confirmed that lattice constants are a=12.60 **, 
b=12.73 **, and c= 3.77A. Moreover, for the element which has a + divalent valence in this parent ingredient, it is 
EXAFS that four S (sulfur) has configurated around it and the bond distance of Mg-S is -2.15A although it is Mg. It was 
confirmed by law. This bond distance is short compared with 2.34A of Zn-S bond distances of a ZnS:Mn luminous layer 
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which four S (sulfur) has configurated similarly, therefore, the interaction of the crystal field which S (sulfur) builds, 
and + divalent Mn - strong ~ becoming — the peak wavelength of an emission spectrum — 590nm a long wave -- a 
merit side — shifting -700nm Red EL luminescence with a peak is obtained. 

[0018] It has the secondary advantage with the same said of the parent ingredient of this second example in the first 
above-mentioned example. It is because matter called MnY2 S4 (sulfuration yttrium manganese) exists, this belongs to 
the space group with the same orthorhombic system and the lattice constant has a=12.62 **, b= 12.75A, c= 3.78A, and a 
very near value. 

[0019] (The third example) the first transparent electrode (the first electrode) 12 and Ta 205 which consist of ZnO (zinc 
oxide) one by one on the glass substrate 1 1 of EL element 100 of drawin g 1 in the third example of this invention from - 

- after forming the first insulating layer 13 which changes, the luminous layer 14 which consists of TiZr2 S4 (sulfuration 
zirconium titanium) which added Mn as an emission center is formed. It is the same as that of the first example to form 
the second insulating layer 15 and the second transparent electrode 16 after that. 

[0020] The above-mentioned luminous layer 14 held the temperature of the above-mentioned glass substrate 1 1 
uniformly by 50 - 300 **, introduced Ar gas in the sputtering system, and formed it using the TiZr2 S4:Mn powder 
target or the sintering target by carrying out spatter membrane formation with the high-frequency power of 200W. It is 
TiZr2 S4 here. Mn charge of a spatter target was adjusted so that Mn concentration in a luminous layer might serve as 
range which is 0.1 - 1.0 at%. After that In an elevated-temperature ambient atmosphere 550 degrees C or more Heat 
treatment of 4 - 40 hours was performed. 

[0021] Parent TiZr2 S4 of the luminous layer 14 formed by the above-mentioned membrane formation approach From 
X diffraction data, it belongs to cubic system, and has Spinel structure, and it was confirmed that a lattice constant is 
10.26 **. Moreover, for the element which has a + divalent valence in this parent ingredient, it is EXAFS that four S 
(sulfur) has configurated around it and the bond distance of Ti-S is -2.22A although it is Ti. It was confirmed by law. 
Drawing 4 shows signs that four S (sulfur) has configurated around Ti (Element X shows). This bond distance is short 
compared with 2.34A of Zn-S bond distances of a ZnS:Mn luminous layer which four S (sulfur) has configurated 
similarly, therefore, the interaction of the crystal field which S (sulfur) builds, and + divalent Mn — strong — becoming - 

- the peak wavelength of an emission spectrum - 590nm a long wave - a merit side - shifting -650nm Red EL 
luminescence with a peak is obtained. 

[0022] Here, it is X-S about the element X which has a + divalent valence among the parent ingredient configuration 
elements of a luminous layer 14. The reason which limited the bond distance to the numerical range in claim 1 and 
claim 2 is explained. First, the case where six S (sulfur) has configurated is explained to the surroundings of Element X. 
As such a parent ingredient, they are MgS (sulfuration magnesium), CaS, SrS, BaS (barium sulfide), and Mgln2 S4 
shown in die first example of this invention. It is. Peak wavelength and X-S of an emission spectrum when adding Mn 
to these Relation with the bond distance is shown in drawing 5 . peak wavelength in case red luminescence is obtained - 

- 620nm from — 700nm ** — if it carries out -- this drawing - X-S In order that 2.56A or more 2.75 A or less may 
present red luminescence as the bond distance, it turns out that it is the desirable numerical range. 

[0023] Next, the case where four S (sulfur) has configurated is explained to the surroundings of Element X. As such a 
parent ingredient, they are ZnS, MgY2 S4 shown in the second example of this invention, and TiZr2 S4 shown in the 
third example of this invention. It is. Peak wavelength and X-S of an emission spectrum when adding Mn to these 
Relation with the bond distance is shown in drawin g 6 . peak wavelength in case red luminescence is obtained — 620nm 
from - 700nm ** - if it carries out - this drawing ~ X-S In order that 2.15A or more 2.27A or less may present red 
luminescence as the bond distance, it turns out that it is the desirable numerical range. 

[0024] As mentioned above, the EL element of red luminescence which does not need a filter by the configuration of 
this invention is obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 7] 
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